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AIR-FUE RATO CONTROL SYSTEM FOR USE 
IN AN INTERNAL COMBUSTON ENGINE 

FIELD OF THE INVENTION 

The present invention relates to an air-fuel ratio con 
trol system for use in an internal combustion engine. 
More particularly, it relates to air-fuel ratio control 
system which is capable of correcting variations in a 
detection signal from an exhaust sensor due to manufac 
turing non-unifornities, deterioration during use, and 
the like, of the exhaust sensor which is positioned in an 
exhaust path of the internal combustion engine, thereby 
enabling high-precision feedback control such that an 
air-fuel ratio achieves its target value. 

BACKGROUND OF THE INVENTION 

Some internal combustion engines disposed in vehi 
cles are provided with an air-fuel ratio control system 
that includes an O2 sensor and a control means. The O2 
sensor, which serves as an exhaust sensor, is located in 
an exhaust path of the internal combustion engine. The 
control means provides feedback control such that an 
air-fuel ratio achieves its target value in accordance 
with a detection signal which is sent out from the O2 
SeSO. 

Japanese Laid-Open Patent No. 61-250355 discloses 
this type of air-fuel ratio control system for an internal 
combustion engine. The air-fuel ratio control system 
disclosed therein is provided with a correcting means 
which calculates a difference between a first sample 
time and a second sample time, and corrects the air-fuel 
ratio in accordance with the difference. The first sample 
time corresponds to a period of time that elapses be 
tween the moment an inversion from a rich air-fuel ratio 
to a lean air-fuel ratio in an air/fuel mixture occurs, and 
the moment the inversion is detected by the exhaust 
sensor. The second sample time indicates a period of 
time after an inversion from a rich air-fuel ratio to a lean 
air-fuel ratio in the air/fuel mixture occurs until the 
inversion is detected by the exhaust sensor. 
Other internal combustion engines disposed in vehi 

cles provide air-fuel ratio control systems that include a 
first O2 sensor, a second O2 sensor, and a control means. 
Serving as exhaust sensors, the first O2 sensor and the 
second O2 sensor are located respectively on an up 
stream side and a downstream side of a catalyzer which 
is positioned in an exhaust path of the internal combus 
tion engine. The control means effects feedback control 
such that an air-fuel ratio achieves its target value in 
accordance with first and second detection signals 
which are sent out respectively from the first and sec 
ond O2 sensors. 

Japanese Laid-Open Patent No. 61-192825 discloses 
this latter type of air-fuel ratio control system for an 
internal combustion engine. This air-fuel ratio control 
system has first and second O2 sensors positioned re 
spectively upstream and downstream from a catalyzer 
in an exhaust path of the internal combustion engine in 
order to effect air-fuel ratio feedback control. The first 
exhaust sensor, which is positioned upstream from the 
catalyzer in the exhaust path, is located in a cylinder 
head of the internal combustion engine. 
A problem with exhaust sensors is that variations in a 

detection signal from an exhaust sensor make it difficult 
to provide high-precision feedback control such as to 
match an air-fuel ratio with its target value. Such varia 
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2 
tions result from manufacturing non-uniformities, dete 
rioration during use, and the like. 

In order to overcome the above problem, an air-fuel 
ratio control system having two sensors and a control 
means has been proposed, as disclosed in aforesaid Japa 
nese Patent No. 61-192825. More specifically, a first O2 
sensor and a second O2 sensor are located respectively 
at an upstream portion and a downstream portion of an 
exhaust path of the internal combustion engine with 
respect to a catalyzer which is positioned in the exhaust 
path. The control means effects feedback control such 
as to match an air-fuel ratio with its target value in 
accordance with a first detection signal and a second 
detection signal which are sent out respectively from 
the first O2 sensor and the second O2 sensor. 
The air-fuel ratio control system disclosed in afore 

said Japanese Patent No. 61-192825 provides a first 
feedback control in response to the first detection signal 
from the first O2 sensor, in order to match an air-fuel 
ratio with its target value. Further, the first feedback 
control is controlled so as to be corrected in accordance 
with the second detection signal from the second O2 
sensor. However, the O2 sensors are subject to manufac 
turing non-uniformities and deterioration as previously 
mentioned. As shown in FIG. 15, a further problem 
resulting from the above is that variations occur in the 
reaction time and voltage of a detection signal which an 
O2 sensor sends out in accordance with an air-fuel ratio 
in an air/fuel mixture. Foe example, a curve 'a' repre 
sents O2 sensor variations for a product having an upper 
reaction limit, curve "b' represents O2 sensor variations 
for a normal product having a central value and curve 
"c' represents O2 sensor variants for a deterioration 
resistant product having a lower reaction limit. The 
variation in the detection signal from the O2 sensor 
introduces a change in a reaction cycle, as shown in 
FIG. 16, which results in changes in the corrected quan 
tity FAF and time of feedback control. A problem 
arising therefrom is that an actual air-fuel ratio consid 
erably swings with reference to A=1. For this reason, 
high-precision feedback control cannot be provided to 
match an air-fuel ratio with a target value which is 
required for the catalyzer to improve its clean-up effi 
ciency. As a result, the air-fuel ratio falls out of the 
target value. This disadvantageously reduces the clean 
up efficiency of the catalyzer, while increasing the 
amount of noxious components in the exhaust emissions. 
To obviate the above-described drawbacks, the pres 

ent invention provides an air-fuel ratio control system 
for use in an internal combustion engine, in which an 
exhaust sensor is located in an exhaust path of the inter 
nal combustion engine and a control means is provided 
for effecting feedback control to match an air-fuel ratio 
with its target value in accordance with a detection 
signal sent out from the exhaust sensor. The control 
means is provided with a correction section which, 
upon fulfillment of predetermined implementation con 
ditions of correction determination, detects a response 
time that elapses from the moment a change in an oper 
ating state of the internal combustion engine occurs, to 
the moment the detection signal from the exhaust sensor 
achieves a determination signal value. The correction 
section governs the feedback control of the air-fuel 
ratio, which has been effected by means of the exhaust 
sensor, in accordance with the detected response time 
so as to correct the feedback control. 

Pursuant to the system of the present invention, when 
predetermined implementation conditions of correction 
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determination are fulfilled, the correction section, 
which is provided in the control means, detects the 
response time which elapses after the occurrence of a 
change in an operating state of the internal combustion 
engine until the detection signal sent out from the ex 
haust sensor achieves a determination signal value. In 
accordance with the detected response time, the correc 
tion section governs air-fuel ratio feedback control, 
which has been effected by means of the exhaust sensor, 
so as to correct the air-fuel feedback control. In this 
way, the use of the single exhaust sensor can correct 
variations in the detection signal from the exhaust sen 
Sor, which variations result from manufacturing non 
uniformities, deterioration during use, or the like, of the 
exhaust sensor. As a result, high-precision air-fuel ratio 
feedback control is achievable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the present invention will be de 
scribed in detail with reference to the drawings. 

FIG. 1 is a flow chart which illustrates how control is 
effected by an air-fuel ratio control system for use in an 
internal combustion engine according to an embodi 
ment of the present invention; 
FIG. 2 is a descriptive illustration showing a determi 

nation area which constitutes one of the implementation 
conditions of correction determination; 
FIG. 3 is a graph showing a relationship between a 

first detection signal, which is sent out from a first O2 
sensor, and the resulting first feedback control quantity; 
FIG. 4 is a graph showing a relationship between a 

second detection signal, which is sent out from a second 
O2 sensor, and the resulting second feedback control 
quantity; 

FIG. 5 is a graph showing a relationship between first 
response time from the time of fuel cut-off and response 
reference time; 
FIG. 6 is a graph showing a relationship between air 

quantity at the time of fuel cut-off and the response 
reference time; 
FIG. 7 is a descriptive illustration showing how an 

average of variation ratios is calculated; 
FIG. 8 is a graph illustrating a relationship between 

the first detection signal from the first O2sensor and the 
resulting first feedback control value; 
FIG. 9 is a graph showing a relationship between a 

correction constant and the ensuing corrected integral 
quantity; 
FIG. 10 is a graph showing a relationship between 

the correction constant and the ensuing corrected skip 
quantity; 
FIG. 11 is a graph showing a relationship between 

the correction constant and the ensuing corrected delay 
time; 

FIG. 12 is a block diagram illustrating an air-fuel 
ratio control system in which a single O2 sensor is dis 
posed; 

FIG. 13 is a block diagram illustrating an air-fuel 
ratio control system in which two O2 sensors are dis 
posed; 

FIG. 14 is a schematic block diagram depicting the 
air-fuel ratio control system having first and second, 
sensors disposed therein; 

FIG. 15 is a graph showing a relationship between an 
air-fuel ratio, which is achieved by an exemplary con 
ventional air-fuel ratio control system, and a detection 
signal which is sent out from an O2 sensor located in the 
above conventional control system; and 
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4. 
FIG. 16 is a graph showing a relationship between 

the detection signal, which is sent out from the O2 sen 
sor of the exemplary conventional air-fuel ratio control 
system, the ensuing feedback control quantity, and the 
resulting air-fuel ratio. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIGS. 1 through 14 show an embodiment of an air 
fuel ratio control system according to the present inven 
tion. In FIG. 14, there is shown an internal combustion 
engine 2, an intake path 4, and an exhaust path 6. The 
intake path 4, which leads to the internal combustion 
engine 2, includes an air cleaner 8, an airflow meter 10, 
a throttle body 12, and an intake manifold 14, all of 
which are connected in series in the flow direction of 
the intake path 4. The intake path 4 within the throttle 
body 12 is provided with an intake throttle valve 16. 
The intake path 4 communicates with a combustion 
chamber 18 of the internal combustion engine 2. 
The exhaust path 6, which communicates with the 

combustion chamber 18, is defined by an exhaust mani 
fold 20, an upstream exhaust pipe 22, a catalytic con 
verter 24, and a downstream exhaust pipe 26, all of 
which are connected in series in the downstream direc 
tion. The catalytic converter 24 is provided with a cata 
lyzer 28. 
The internal combustion engine 2 has a fuel injection 

valve 30 positioned adjacent and directed toward the 
combustion chamber 18. A fuel supply path 34 permits 
the fuel injection valve 30 to communicate with a fuel 
tank 36 via a fuel distribution path 32. Fuel within the 
fuel tank 36 is compressed and drawn away therefrom 
by a fuel pump 38, and is filtered by a fuel filter 40 so as 
to remove dust and dirt therefrom. The filtered fuel is 
fed into the fuel distribution path 32 through the fuel 
supply path 34, and is then dispensed to the fuel injec 
tion valve 30. The fuel distribution path 32 has a fuel 
pressure-regulating section 42 disposed therein in order 
to regulate fuel pressure. The fuel pressure-regulating 
section 42 regulates fuel pressure to a given value 
through the aid of intake pressure which is introduced 
therein from a lead path 44 that communicates with the 
intake path 4. Excess fuel is returned to the fuel tank 36 
through a fuel return path 46. 
The fuel tank 36 communicates with the intake path 4 

within the throttle body 12 through a vapor fuel path 
48. A two-way valve 50 and a canister 52 are interposed 
midway along the vapor fuel path 48. In addition, the 
throttle body 12 is defined with a by-pass pathway 54 
which bypasses the intake throttle valve 16. An idle air 
quantity control valve 56 is interposed midway along 
the by-pass pathway 54. Reference numerals 58, 60, 62, 
64, and 66 respectively represent an air regulator, a 
power steering switch, a power steering air quantity 
control valve, a blow-by gas path, and a PCV valve. 
The airflow meter 10, the fuel injection valve 30, the 

idle air quantity control valve 56, and the power steer 
ing air quantity control valve 62 are linked to a control 
station 68 which serves as a control means. Further, the 
control station 68 is coupled separately to: a crank angle 
sensor 70; a distributor 72; an aperture sensor 74 for the 
intake throttle valve 16; a knock sensor 76; a water 
temperature sensor 78; and a vehicle velocity sensor 80. 
Reference numerals 82 and 84 represent an ignition coil 
and a power unit for ignition, respectively. 

Further, the internal combustion engine 2 has a first 
O2 sensor 86 and a second O2 sensor 88 disposed on an 
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upstream side and a downstream side of the catalyzer 
28, respectively in the exhaust path 6. The first and 
second O2 sensors 86 and 88 are exhaust sensors which 
detect an exhaust component value, i.e., oxygen con 
centration. The first O2 sensor 86 and the second O2 
sensor 88 are connected to the control station 68. 

Reference numerals 90,92, 94, 96, 98, 100, 102, 104, 
and 106 respectively represent: a dash pot; a thermostat 
fuse; an alarm relay; a warning lamp; a diagnosis switch; 
a TS switch; a diagnosis lamp; a main switch; and a 
battery. 
The air-fuel ratio control system provides feedback 

control over operation of the fuel injection valve 30 by 
means of the control station 68 such as to permit an 
air-fuel ratio to achieve its target value in accordance 
with a first detection signal and a second detection 
signal from the first O2 sensor 86 and the second O2 
sensor 88, respectively. The air-fuel ratio control system 
assists the catalyzer 28 in improving exhaust clean-up 
efficiency so as to lower the amounts of noxious compo 
nents in the exhaust emissions. 
As more specifically illustrated in FIG. 13, the air 

fuel ratio control system for use in the internal combus 
tion engine 2 has two sensors, i.e., the first O2 sensor 86 
and the second O2 sensor 88, disposed respectively up 
stream and downstream from the catalyzer 28 in the 
exhaust path 6. The control station 68 effects a first 
feedback control such as to match the air-fuel ratio with 
its target value in accordance with the first detection 
signal that is sent out from the first O2 sensor 86. Fur 
ther, the control station 68 governs the first feedback 
control in response to the second detection signal that is 
sent out from the second O2 sensor 88, so as to allow the 
first feedback control to be corrected. 

In FIG. 12, there is shown another air-fuel ratio con 
trol system in which a single O2 sensor 386 is located 
upstream from a catalyzer 328 in an exhaust path 306. A 
control station 368 effects feedback control in accor 
dance with a detection signal emitted from the single 
O2 sensor 386, in order to match an air-fuel ratio with its 
target value. The embodiment of FIGS. 13 and 14 illus 
trates how the first feedback control of an air-fuel ratio, 
through the first O2 sensor 86, is corrected in the air-fuel 
ratio control system where the first O2 sensor 86 is 
positioned upstream from the catalyzer 28 in the ex 
haust path 6. According to this embodiment, the control 
station 68 is provided with a correction section 108. 
When predetermined implementation conditions of cor 
rection determination are fulfilled, the correction sec 
tion 108 detects a first response time which occurs after 
a change in an operating state of the internal combus 
tion engine 2 occurs until the first detection signal from 
the first O2 sensor 86 achieves a first determination 
signal value. In accordance with the detected first re 
sponse time, the correction section 108 governs the first 
feedback control of an air-fuel ratio, which has been 
effected by means of the first O2 sensor 86, in order to 
correct the first feedback control. 

Further, in an air-fuel ratio control system for use in 
an internal combustion engine 302 as shown in FIG. 12, 
when predetermined implementation conditions of cor 
rection determination are satisfied, a correction section 
308, which is provided in the control station 368, de 
tects response time in which after a change in an operat 
ing state of the internal combustion engine 302 occurs 
until the detection signal from the O2 sensor 386 
achieves a determination signal value. In accordance 
with the detected response time, the correction section 
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6 
308 assumes air-fuel ratio feedback control, which has 
been effected by means of the O2 sensor 386, so as to 
correct the feedback control. 

It will now be described with reference to FIGS. 1 
through 11 how the air-fuel ratio control system of 
FIGS. 13-14 provides feedback control with only one 
sensor (86) as shown in the system of FIG. 12. 
With reference to FIG. 1, an internal combustion 

engine 2 is started at step 200. Predetermined implemen 
tation conditions of correction determination are read at 
step 201, and it is determined at step 202 whether the 
predetermined implementation conditions have been 
fulfilled. 

FIG. 2 shows the implementation conditions of cor 
rection determination. It is determined whether these 
conditions satisfy all of the following: engine data falls 
within a determination area which is defined by both 
engine load "Ec' and engine rotating speed "Ne'; 
warming-up of the internal combustion engine 2 has 
been completed; the first O2 sensor 86 has no failures; 
the first O2 sensor 86 is not inactive; and, the internal 
combustion engine 2 is in an operating state of accelera 
tion or deceleration. Further, conditions of the operat 
ing state of the internal combustion engine 2 may be 
divided into three sub-conditions: the engine 2 is accel 
erated or decelerated while air-fuel ratio feedback con 
trol is effected; the engine 2 is decelerated while in 
creased acceleration quantity is corrected; and the en 
gine 2 is accelerated after fuel is cut-off. Thus, the im 
plementation conditions of correction determination 
may be determined from each of the above three sub 
conditions. 
When the answer to the determination in step 202 is 

“NO” because any one of the implementation condi 
tions of correction determination is unsatisfied, control 
is returned to step 201 at which time the implementation 
conditions of correction determination are read again. 
When the answer to the determination in step 202 is 
"YES' (because all of the implementation conditions 
are satisfied), the routine is advanced to step 203 where 
measurement of a first response time “FCFT' is made. 
As illustrated in FIG. 3, a first detection signal “FO2', 
which is sent out from the first O2 sensor 86, passes 
between a first low determination signal value "FCL' 
and a first high determination signal value "FCH'. 
The first response time “FCFT' of the first O2 sensor 

86 is the time necessary for the first detection signal 
“FO2' sent out from the first O2 sensor 86 to pass be 
tween the first low and high determination signal values 
“FCL” and “FCH'. In general, the response time of the 
O2 sensor increases in accordance with the deterioration 
of the O2 sensor. 

Requirements of measuring the first response time 
“FCFT' include: 

(1) the time necessary for the first detection signal 
“FO2' to reach the first high determination signal value 
"FCH' after an acceleration quantity increase is initi 
ated, when the internal combustion engine is acceler 
ated during air-fuel ratio feedback control, and when 
the first detection signal “FO2' sent out from the first 
O2 sensor 86 is lower than the first low determination 
signal value “FCL'; 

(2) the time necessary for the first detection signal 
“FO2' to reach the first low determination signal 
value “FCL' after fuel is cut-off “F/C', when the 
internal combustion engine is decelerated during 
air-fuel ratio feedback control, and when the first 
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detection signal "FO2' is higher than the first high 
determination signal value "FCH'; 

(3) the time necessary for the first detection signal 
“FO2' to reach the first low determination signal 
value "FCL” after fuel is cut-off, and when the 
internal combustion engine is decelerated while 
acceleration quantity increase is corrected; and 

(4) the time necessary for the first detection signal 
“FO2' to reach the first high determination signal 
value "FCH' after acceleration quantity increase is 
initiated, and when the internal combustion engine 
is accelerated while air-fuel ratio feedback control 
is effected. 

According to the present embodiment, the above 
listed requirement No. (2) as illustrated in FIG. 3, will 
be described as the first response time “FCFT', i.e., the 
time necessary for the first detection signal “FO2' to 
reach the first low determination signal value "FCL' 
after fuel is cut-off"F/C' when the internal combustion 
engine is decelerated during air-fuel ratio feedback con 
trol, and when the first detection signal “FO2' from the 
first O2 sensor 86 is higher than the first high determina 
tion signal value “FCH'. As seen therein, “FAF rep 
resents the corrected quantity of air-fuel ratio feedback 
control through the first O2 sensor. 
As illustrated in FIG. 4, if correction is to be made by 

means of a second O2 sensor 88, a second response time 
“FCRT represents the time required for a second de 
tection signal "RO2' which is sent out from the second 
O2 sensor 88, to pass between second low and high 
determination signal values “RCL' and “RCH' after a 
change in an operating state of the internal combustion 
engine 2, i.e., fuel cut-off occurs. As seen therein, 
“SOXFAF represents the corrected quantity of air 
fuel ratio feedback control through the second O2 sen 
SO. 

Next, as shown in FIG. 5, determination is made at 
step 204 of a difference “DFCFT between the mea 
sured first response time “FCFT' and a response refer 
ence time “CTIME” (i.e., CTIME-FCFT=DFCFT). 
The difference 'DFCFT' is a deviation of the first 
response time "FCFT' with respect to the response 
reference time “CTIME'. The response reference time 
“CTIME' represents the response time of the first O2 
sensor 86 when the first O2 sensor 86 is in a normal state. 
As illustrated in FIG. 6, according to the present em 
bodiment, the response reference time “CTIME is set 
for each air quantity "GA" at the time of fuel cut-off. 
A ratio of the determined deviation “DFCFT' to the 

response reference time "CTIME' that is, a variation 
ratio “FRAT" (DFCFT/CTIME=FRAT) is deter 
mined at step 205. Next, it is determined at step 206 
whether the variation ratio "FRAT' has been measured 
a predetermined number of times, for example, twenty 
times. 
When the answer to the determination in step 206 is 

"NO", control is returned to step 201 which reads the 
implementation conditions of correction determination 
again. When the answer to the determination in step 206 
is “YES', one set of values in the range of a maximum 
value "FRATna' to a value in the order of “n(i)' from 
"FRATna' as well as the other set of values in the 
range of a minimum value "FRATnin' to a value in the 
order of "nC)” from "FRATnin” are deleted from a set 
of variation ratios "FRAT' which have been derived 
from measurements of "FRAT' for the predetermined 
number of times. Thereafter, an average “FRATAV 
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8 
ne' of the remaining variation ratios "FRAT" is calcu 
lated. 
As shown in FIG. 7, one set of values in the range of 

the maximum value "FRATma' and, for example, a 
third "nC3), which lies from "FRATna' in the direc 
tion of the minimum value "FRATnin', is deleted from 
the set of variation ratios "FRAT' which have been 
measured twenty times. Further, the other set of values 
in the range of the minimum value "FRATnin' and a 
third “n(3), which lies from the “FRATnin” in the 
direction of the maximum value "FRAT', is deleted 
from the set of variation ratios "FRAT” at step 207. 
The average “FRATAVne' of the remaining fourteen 
variations ratios "FRAT is calculated at step 208. 
The calculated average "FRATAVne,' is replaced 

by a correction constant “KFRAT” of the first O2 sen 
sor 86 in first feedback control. The correction constant 
“KFRAT is calculated at step 209 from a previous 
average "FRATAVoid' and the present average “FRA 
TAVne'. The correction constant "KFRAT' is a vari 
ation value of the first O2 sensor 86 for correcting the 
first feedback control, and is calculated as an average of 
the previous “FRATAV' and the present “FRATAV' 
in order to eliminate any variation that may occur only 
once in the calculation. 
The correction constant "KFRAT', which has been 

calculated in step 209, is checked to determine whether 
“KFRAT” ranges from at least a lower limit constant 
“LIML' to at most an upper limit constant "LIMH' at 
step 210. This determination is made to see if the correc 
tion constant "KFRAT' i.e. the variation value of the 
first O2 sensor 86, falls within a correctable range of 
variations. 
When it is found by the determination in step 210 that 

the correction constant “KFRAT' lies in the range of 
the lower limit constant "LIML' to the upper limit 
constant "LIMH' (i.e., when the answer to step 210 is 
“YES”), the first feedback control, which has been 
effected by means of the first O2 sensor 86, is controlled 
in response to the correction constant “KFRAT at 
step 211 so as to be corrected, as shown in FIGS. 8 
through 11. 
The corrected quantity at this time is obtained from 

an increase or a decrease in the correction constant 
“KFRAT at step 212 on the basis of a corrected quan 
tity, “I.S.D.', which is used in formal feedback control. 
As more specifically shown in FIGS. 9 through 11, the 
following is determined from the correction constant 
"KFRAT'; a richer corrected integral quantity, 
“KIRL'; a richer corrected skip quantity, “KSRL'; 
and a richer corrected delay time, “KDRL' (or alterna 
tively, a leaner corrected integral quantity, "KILR'; a 
leaner corrected skip quantity, "KSLR'; and a leaner 
corrected delay time, “KDLR'). Next, the above deter 
mined amounts are added respectively to (or, subtracted 
respectively from): a previous richer integral quantity, 
“IRLold'; a richer skip quantity, "SRLold'; and a richer 
delay time, "DRLold' (or alternatively, a previous 
leaner integral quantity, “ILRold'; a leaner skip quan 
tity, "SLRold'; and a leaner delay time, “DLRold'). As 
a result, the following is obtained from the above re 
spectively: a richer integral quantity, “IRL'; a richer 
skip quantity, "SRL'; and a richer delay time, “DRL' 
(or, a leaner integral quantity, “ILR'; a leaner skip 
quantity, “SLR'; and a leaner delay time, “DLR'). 
The correction constant “KFRAT', which has been 

calculated in step 209 as previously described, is stored 
in a non-volatile memory (not shown) of the control 
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station 68, and is used at step 213 to correct first feed 
back control when air-fuel ratio feedback control is 
effected. After correction is made, the control returned 
to step 201 at which time the implementation conditions 
of correction determination are read again. 
When it is found from the previously noted determi 

nation in step 210 that the correction constant 
"KFRAT' is either less than the lower limit constant 
"LIML' or greater than the upper limit constant 
"LIMH' (that is, the answer to the determination in 
step 210 is “NO”), the correction constant “KFRAT 
falls out of the correctable range of variations. This 
means that there are abnormalities in the first O2 sensor 
86. Thus, a warning means such as a warning lamp (not 
shown) is actuated to issue a warning at step 214. Air 
fuel ratio feedback control through the first O2 sensor 
86 is ceased, and the corrected quantity is set to "0" or 
zero at step 215. Thereafter, the above described steps 
are repeated at step 216. 

Accordingly, in the above-described air-fuel ratio 
control system, when predetermined implementation 
conditions of correction determination are satisfied, the 
correction section 108, which is incorporated in the 
control station 68, detects a first response time that 
elapses from the moment a change in an operating state 
of the internal combustion engine 2 occurs to the mo 
ment the first detection signal from the first O2 sensor 86 
achieves a first determination signal value. In accor 
dance with the detected first response time, the control 
section 108 assumes a first feedback control over an 
air-fuel ratio, which has been exercised by means of the 
first O2 sensor 86, so as to permit the first feedback 
control to be corrected. In this way, the use of the single 
first O2 sensor 86 can correct variations in the detection 
signal from the first O2 sensor 86, which result from 
manufacturing non-uniformities, deterioration during 
use, or the like of the first O2 sensor 86. As a result, 
air-fuel ratio feedback control is achievable. 
The above arrangement eliminates the need for two 

sensors, i.e., the first O2 sensor 86 and the second O2 
sensor 88, to be provided in such an air-fuel ratio con 
trol system as shown in FIGS. 13 and 14. That is, the 
control system shown therein provides feedback con 
trol so as to match an air-fuel ratio with its target value 
in accordance with the first and second detection sig 
nals which are sent out respectively from the first and 
second O2 sensors 86 and 88. In contrast, as illustrated in 
FIG. 12, the use of the single O2 sensor 386 enables 
air-fuel ratio feedback control, while correcting varia 
tions in the detection signal from the O2 sensor 386. This 
system can achieve a reduction in costs, and allows 
high-precision feedback control such that an air-fuel 
ratio achieves its target value. 

Furthermore, according to the air-fuel ratio control 
system illustrated in FIGS. 13 and 14 in which air-fuel 
ratio feedback control is effected by means of the two, 
first and second, O2 sensors 86 and 88, a second feed 
back control, which is effected in dependence upon the 
second O2 sensor 88 located downstream from the cata 
lyzer 28 in the exhaust path 6, is corrected by the cor 
rection section 108 in accordance with a second re 
sponse time of a second detection signal which is sent 
out from the second O2 sensor 88. This arrangement can 
correct variations in the second detection signal, which 
result from manufacturing non-uniformities, deteriora 
tion during use, or the like of the second O2 sensor 88. 
As a consequence, air-fuel ratio feedback control with a 
further degree of accuracy is achievable. 
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10 
As can be seen from the above, according to the 

present invention, the use of a single exhaust sensor can 
correct its detection signal variations which result from 
the manufacturing non-uniformities, deterioration dur 
ing use, and the like of the exhaust sensor. As a result, 
air-fuel ratio feedback control can be executed. 
The above arrangement eliminates the need for two, 

first and second, exhaust sensors to be provided in an 
air-fuel ratio control system in which feedback control 
is effected so as to match an air-fuel ratio with its target 
value in accordance with first and second detection 
signals which are sent out respectively from the first 
and second exhaust sensors. Accordingly, the use of the 
single exhaust sensor enables air-fuel ratio feedback 
control, while correcting variations of the detection 
signal from the exhaust sensor. This system can achieve 
a reduction in costs, while allowing high-precision feed 
back control such that the air-fuel ratio achieves its 
target value. 

Furthermore, in the air-fuel ratio control system 
which effects air-fuel ratio feedback control by means 
of the two, first and second, exhaust sensors, second 
feedback control, which is effected in dependence upon 
the second exhaust sensor located downstream from the 
catalyzer in the exhaust path, is corrected in accordance 
with a second response time of the second detection 
signal which is sent out from the second exhaust sensor. 
This arrangement can correct variations in the second 
detection signal, which result from the manufacturing 
non-uniformities, deterioration during use, and the like 
of the second exhaust sensor. As a result, air-fuel ratio 
feedback control with a further degree of accuracy is 
achievable. 
Although a particular preferred embodiment of the 

invention has been disclosed in detail for illustrative 
purposes, it will be recognized that variations or modifi 
cations of the disclosed apparatus, including the rear 
rangement of parts, lie within the scope of the present 
invention. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as 
follows: 

1. In an air-fuel ratio control system for an internal 
combustion engine including an exhaust sensor located 
in an exhaust path of said internal combustion engine 
and control means for effecting a feedback control to 
match an air-fuel ratio with a target value in accordance 
with a detection signal from said exhaust sensor, the 
improvement wherein said control means includes a 
correction section for correcting variations in the detec 
tion signal from the exhaust sensor to enable the air-fuel 
ratio to achieve the target value, said correction section 
comprising: 
means for determining whether predetermined imple 

mentation conditions of correction determination 
are satisfied; 

means for detecting a response time that elapses from 
an occurrence of a change in an operating state of 
the engine until the detection signal from the ex 
haust sensor achieves a determination signal value; 
and 

means for governing the feedback control over the 
air-fuel ratio in accordance with said detected re 
sponse time to correct the feedback control, said 
governing means including: 
means for determining a difference time between 

said detected response time and a response refer 
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ence time which represents a response time of 
said exhaust sensor in a normal state; 

means for determining a ratio value of said differ 
ence time to said response reference time; 

means for calculating a correction constant based 5 
upon a predetermined number of accumulated 
ratio values; and 

means for determining whether said correction 
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12 
constant falls within a correctable range of varia 
tions. 

2. The control system as claimed in claim 1, wherein 
said governing means further includes means for issuing 
a warning if it is determined that said correction con 
stant falls outside said correctable range of variations. 
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